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(54) TOOL STEEL FOR HOT WORKING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide tool steel for hot 
working which, as refined steel after the heat treatment, is 
improved not only in resistances to heat checks and melt loss 
but also in machinability by improving the internal structure, 
hence can remarkably improve tool life and its dispersion when 
machined for producing a metal mold by direct carving, and can 
be given and good finished plane by ultramicro-machining. thus 
decreasing the lapping time. 

SOLUTION: In this refined tool steel for hot working having a 
hardness of 45 HRC or higher, the cleanness of non-metallic 
inclusions is JIS dA 0.005% or lower and Is d (B+G) 0.0020% or 
lower; the same orientation of martensite Is in the range of 17- 
33%; and the structure is a mixture comprising lath martensite 
as the main constituent and 10-30% lens-like or butterfly-type 
martensite. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **3M: shows the word which can not be translated 
3.1n the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] " ^ ' 

[Claim 1] C:0.28 thru/or 0.55 mass %, Si:0.15. or 0.80 mass %, Mn: 0.40 thru/or 0.85 mass %. below P:0.020 
mass %, and below S:0.018 mass % Cr: 2.5 thru/or 5.7 mass %, Mo: 1.4, or 2.8 mass %, V:0.20, or 0.90 mass %. 
W:0.01 thru/or 1.65 mass %, Co:0.03, or 0.89 mass %. Contain nickehO.OI thru/or 1.65 mass % and the 
remainder consists of Fe and an unescapable impurity substantially. Ti is regulated below to 0.003 mass % 
below 0.009 mass %, B Is regulated for N of an unescapable impurity below to 0.012 mass %, and the cleanliness 
of nonmetallic inclusion is JIS. Less than [ dAO.005% ] Tool steel between heat characterized by being in the 
range whose directivity of the martensitic structure after heat treatment is 17 thru/or 33% while being less 
than [ d(B+C)0.020% ]. 

[Claim 2] Tool steel between heat according to claim 1 characterized by having 10 thru/or the organization 
which made it intermingled 30% for the martensite of the shape of a lens, and a butterfly mold by making lath 
martensite into a subject. 

[Claim 3] Tool steel between heat according to claim 2 with which the packet size which has the organization 
which makes martensite a subject and constitutes this martensitic structure is characterized by an austenite 
grain having the size of 73 micrometers or less (they are more than No. 4 at a crystal grain number). 
[Claim 4] Tool steel between heat according to claim 3 with which the packet size which constitutes said 
martensitic structure is characterized by an austenite grain having the size of 30 micrometers or less (they 
are more than No. 8 at a crystal grain number). 

[Claim 5] the time of setting [V] and Mo content to [Mo] and setting [ C content ] W content to [W] (all being 
mass %) for [C] and V content — 20>100x — the tool steel between heat given in claim 1 characterized by 
satisfying the inequality of [C]-22x[V]-3.4x[Mo]-1 .7x [W] thru/or any 1 term of 4. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] If it explains in full detail further about the tool steel between refining heat with which 
a degree of hardness exceeds 45HRC(s), this invention is used for hot-forging metal mold, an extrusion mold, 
or a die-casting die. and relates to the tool steel between heat which controlled heat treated structure and 
raised heat-check nature, erosion nature, and machinability. 
[0002] 

[Description of the Prior Art] As tool steel between heat for metal mold, heat-check nature and erosion-proof 
nature are required. In order to improve both these properties, the improvement of a presentation is achieved 
conventionally. However, since machinability is a property which disagrees with both these properties, it 
improves both sides with this machinability. heat-check nature, and erosion nature, and it is difficult for it for 
it to be compatible. 

[0003] In order that a degree of hardness may exceed 45HRC(s) conventionally with development of the latest 
ceramic tool and a CBN tool, the attempt which transposes a high degree-of-hardness ingredient which the 
grinding process finish-machined to cutting, and raises productivity is made. If metal mold can be 
manufactured by carrying out cutting of the refining ingredient after heat treatment, compaction of a delivery 
date and relief of cost are possible. Manufacturing metal mold by this cutting is generalized with the plastics 
molding-die steel used by 42 or less HRC of degrees of hardness. 

[0004] However, in the high de.^ree-of-hardness steel with which a degree of hardness exceeds 45HRC(s) and 
which it refined, when it is going to carry out cutting, in addition to a tool life becoming short, there is a 
trouble that the variation in a tool life becomes large. If there is variation in this tool life, since it will become a 
fail ure for carrying out full at ./."ation operation of the manufacture of metal mold, reduction of the variation 
in a tool life is the important technical technical problem which must be solved. 

[0005] Furthermore, in order to realize short delivery date-ization of a metal mold fabrication, high-speed- 
cutting processing is also considered. However, since [ 400m ] a tool life will become short remarkably and the 
variation in a tool life will become large if it becomes the above cutting speed by /, although many prototypes 
in high degree-of-hardness material have a report, they do not serve as a mainstream technique of the whole 
metal mold manufacture industry. To lessen not an improvement of the machinability aiming at the 
improvement of the tool life and scraps which are performed by many old researches but variation of a tool life 
from such a background is desired. 

[0006] Moreover, since machined surface granularity is bad when carrying out finishing cutting of metal mold, it 
is necessary to carry out wrapping polish processing further in the actual condition. For this reason, since it 
leads to shortening wrapping polish floor to floor time, as a result also becomes delivery date compaction and 
a cost cut of metal mold manufacture, it is a very important technical problem to improve a machined surface. 
[0007] Much proposals about cutting conditions are made about cutting of above-mentioned metal mold 
(JP. 11-1 701 02.A. JP,11-188501.A). However, the technique with which they have Improved cutting ability from 
the organization side raising machinability from a metal mold raw material side although many examinations 
about the presentation of a work material and the effect of a free-cutting component were made is not yet 
proposed. 

[0008] In addition, although it has pointed to detailed-ization of lath martensitic structure in the thing about 
organization control in order to aim at high intensity-ization. without injuring ductility and toughness so that it 
may be represented by ultrahigh strength steel, there is a trouble that degradation of opposite side 
machinability will be promoted. 

[0009] The technique of improving machinability, corrosion resistance, mirror plane nature, and toughness is 
proposed by enlarging the packet size in a martensite base organization recently (JP. 12-54068. A). However, 
even if a degree of hardness enlarges a packet size in 45 or more HRCs. the improvement effect of a tool life 
is not expected above and there is a trouble of the variation in a cutting-tool life being large, and worsening 
the machined surface after a cut. Moreover, big and rough-ization of an extreme grain will reduce heat-check 
nature. 

[0010] Moreover, the improvement of machinability is achieved about the preharden-steel material which 
makes an up bainite organization a subject (heat treatment 39th volume No. 5 the 225-226th page. JP.12- 
54068.A). However, in order to be stabilized and to obtain such an organization, control of the cooling rate in a 
heat treatment process is indispensable, and there is a fault that great heat treatment manday is required. 
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[0011] Moreover, by the SCM system which is a low alloy network, the technique of depositing an intermetallic 
compound and securing hardness is proposed ( JP,2-1 79845,AX However, the metal textures indicated by this 
official report are 2 phase organizations which consist of 60% or more of ferrite. and a pearlite of the 
remainder, and since the high degree of hardness of 45 or more HRCs cannot be obtained upwards and there 
are no heat-check nature and erosion-proof nature which are the essential property of the tool steel between 
heat they cannot say that it has sufficient property as tool steel between heat. 

[0012] While improving heat-check nature and erosion nature in the heat treated steel after heat treatment by 
making this invention in view of this trouble, and improving an internal organization The machined surface at 
the time of have improved remarkably the variation in the tool life at the time of cutting at the time of 
improving machinability and manufacturing metal mold by direct engraving and a life, and overly carrying out 
minute cutting is good, and aims at offering the tool steel between heat which can shorten wrapping floor to 
floor time. 
[0013] 

[Means for Solving the Problem] The tool steel between heat concerning this invention 0:0.28 thru/or 0.55 
mass %, Si:0.15. or 0.80 mass %, Mn: 0.40 thru/or 0.85 mass %, below P:0.020 mass %, and below S:0.018 mass % 
Or: 2.5 thru/or 5.7 mass %, Mo:1.4, or 2.8 mass %, V:0.20, or 0.90 mass %, W:0.01 thru/or 1.65 mass %, Co:0.03. 
or 0.89 mass %, Oontain nickehO.OI thru/or 1.65 mass % and the remainder consists of Fe and an unescapable 
impurity substantially. Ti is regulated below to 0.003 mass % below 0.009 mass %, B is regulated for N of an 
unescapable impurity below to 0.012 mass %, and the cleanliness of nonmetallic inclusion is JIS. Less than 
[ dAO.005% ] While being less than [ d(B+O)0.020% ], the directivity of the martensitic structure after heat 
treatment is characterized by 1 7 thru/or there being 33% in 22.3 thru/or 28.3% of range preferably, 
[0014] In the tool steel between this heat, it is desirable 10 thru/or to have preferably 10 thru/or the 
organization which made it intermingled 20% 30% for the martensite of the shape of a lens and a butterfly mold, 
using lath martensite as a subject. 

[0015] Furthermore, as for the tool steel between this heat, it is desirable that have the organization which 
makes martensite a subject and an austenite grain has [ the packet size which constitutes this martensitic 
structure ] preferably 73 micrometers or less (they are more than No. 4 at a crystal grain number) of sizes of 
30 micrometers or less (they are more than No. 8 at a crystal grain number). Thereby, heat-check nature, 
machined surface granularity nature, a tool life, and the tool steel between heat excellent in the life variation 
nature can be obtained. 

[0016] furthermore, the time of setting [V] and Mo content to [Mo] and setting [ O content ] W content to [W] 
(all being mass %) for [O] and V content in the tool steel between this heat, again — lOOx — it is desirable 
that the value of the formula of [0]-22x[V]-3.4x[Mo]-1.7x [W] is 18 or less preferably less than 20. Thereby, 
the variation in erosion nature, heat-check nature, and a cutting-tool life is improvable. 

[0017] In the preharden steel exceeding 45HRO(s), there are troubles, like the life of the cutting tool in cutting 
is short, the variation in a life is large, and a machined surface is bad. However, it became clear by this 
invention person's etc. research that a metal texture has the cause that the life of this cutting tool is short, 
and that a high thing had the resistance at the time of cutting. Moreover, this invention person etc. found out 
that the cause that the variation in a cutting-tool life is large originated in fluctuation of the cutting force at 
the time of a cut being large in the high degree-of-hardness steel exceeding 45HRO. And this invention person 
etc. found out that the directivity of martensite was important as an approach of mitigating these. So that the 
directivity of this martensite becomes the range which is 1 7 thru/or 33%. control, i.e., when making it suitable 
[ 17 of martensitic structure thru/or 33% ] in the same direction, the variation in machinability can be 
mitigated or progress of the crack in a heat check can be controlled. Moreover, in order to make fine 
granularity of the machined surface in micro-machining, it is important to make crystal grain make it detailed 
and to control the direction of martensite. 
[001 8] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. 

[0019] 0:0.28 thru/or 0.55 mass %C dissolve on a base about a presentation at the time of hardening heating, 
required hardening hardness is given, and special carbide is formed between special carbide formation 
elements at the time of tempering, it deposits, and the softening resistance and high temperature strength in 
tempering are given, and a lipobiollte ghost is formed, the abrasion resistance in an elevated temperature is 
given, and it has the operation which prevents big and rough-ization of the crystal grain at the time of 
hardening heating. If there is too much O. the amount of carbide will increase too much, the required 
toughness as a tool between heat cannot be held, and lowering of high temperature strength is also caused. 
Moreover, in order to improve machinability, butterfly martensite must not generate too much so much. For 
this reason, the upper limit of 0 is 0.55 mass %. If O is too low, since lath martensite will increase in number 
and the above-mentioned addition effectiveness will not be acquired, a lower limit is made into 0.28 mass %. 
[0020] Si: 0.15 thru/or 0.80 mass %Si are added, in order to be used as a deoxidation-on manufacture element, 
and to raise oxidation resistance and tempering softening resistance at 500-600 degrees O or less according 
to an application and to get the A1 transformation point. If there is too little Si. above-mentioned 
effectiveness is not acquired, and since toughness lowering will be caused and pyroductivity will be reduced 
too much if many [ too ], Si will be taken as 0.15 thru/or 0,80 mass %. 

[0021] Mn: 0.40 thru/or 0.85 mass %Mn have the large effectiveness which dissolves on a base and raises 
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hardenabillty. However, it will anneal, if there are too many Mn contents, and hardness is made high too much, 
and machinability is reduced, and the A1 transformation point is made low too much. For this reason. Mn 
content is made into 0.40 thru/or 0.85 mass %. 

[0022] P: In order that below 0.020 mass % P is segregated to a grain boundary at the time of coagulation, it 
raises the segregation of ****** after hot working, reduces toughness, and it may segregate to the austenite 
grain boundary at the time of heat treatment, or may exist in a base further and may reduce the level of 
toughness, it may be 0.015% or less desirably below 0.020 mass %. 

[0023] S: Sulfides, such as MnS, are formed, and it is extended and distributed in the direction of hot working, 
imitate lowering of the toughness of the direction of T, and below 0.018 mass % S is **. As a limitation for 
maintaining the toughness of the outstanding direction of T which is the description of this invention, S carries 
out to below 0.01 8 mass %. 

[0024] Cr: 2.5 thru/or 5.7 mass %Cr are the most important elements in order to give the hardenability needed 
as a tool. Moreover. Cr controls lifting of oxidation resistance and the A1 transformation point, forms a 
lipobiolite ghost further, controls big and rough-ization of the crystal grain at the time of hardening heating, 
raises abrasion resistance further again, deposits special carbide at the time of tempering, improves the 
softening resistance at the time of temperature up, and it is added in order to give effectiveness, such as 
raising high temperature strength. If there are too many Cr contents, Cr carbide will be formed too much and 
lowering of high temperature strength will be brought about on the contrary. For this reason, Cr content is 
made into 2.5 thru/or 5.7 mass %. 

[0025] Mo:1.4 2.8 mass %W:0.01 thru/or 1.65 mass % — Mo and W are the most important alloying elements, in 
order to form special carbide, and to prevent organization big and rough-ization at the time of hardening 
heating by lipobiolite ghost formation, and to deposit detailed special carbide at the time of tempering and to 
raise tempering softening resistance and high temperature strength. Moreover. Mo and W are important 
elements in order to realize the non-direction-ization of martensite, and in W. in the case of Mo, the minimum 
value in which detailed carbide deposits is more than 1.4 mass % more than 0.01 mass %. Moreover, when 1.65 
mass % is exceeded in W and 2.8 mass % is exceeded in the case of Mo, carbide makes it big and rough and 
there is no effectiveness in the non-direction-ization of martensite. 

[0026] V:0. 20 thru/or 0.90 mass %V are powerful carbide formation elements, a lipobiolite ghost is formed and 
the effectiveness of grain refining gives the wear-resistant improvement in an elevated temperature greatly. 
Moreover, detailed carbide is deposited ail over a base, and by joint addition with W and Mo, the effectiveness 
which raises the reinforcement in a pyrosphere 600-650 degrees C or more is large at the time of tempering, 
and gives the effectiveness which raises the A1 transformation point to it. Although it is added in order to 
acquire the above-mentioned effectiveness, if there is too much V, it will form big and rough carbide, it 
imitates lowering of toughness, and carries out to below 0.9 mass % by that of **. Moreover, in order to realize 
the non-direction-ization of martensite, it is necessary to make it contain more than 0.20 mass % like Mo and 
W. 

[0027] nickel: 0.01 thru/or 1.65 mass %nickel are added in order to dissolve on a base, and to raise toughness 
and to raise hardenability. If there are too many nickel contents, annealing hardness will be made high too 
much, and machinability will be reduced, and too much lowering of the A1 transformation point will be imitated, 
and. for a ** reason, it will carry out to below 1.65 mass %. Moreover, if nickel is added more than 0.01 mass %, 
since big and rough-ization of the carbide of the grain boundary can be prevented, it contributes to the non- 
direction-ization of martensite. 

[0028] Co: 0.03 thru/or 0.89 mass %Co have the operation which dissolves on a base and raises high 
temperature strength. Moreover, raise the solid-solution limit of the carbide to the inside of the austenite at 
the time of quenching heating, and the amount of deposits of the special carbide at the time of tempering is 
made to increase, and condensation resistance of the deposit carbide at the time of temperature up is raised, 
and the effectiveness of improving a high-temperature-strength property also from this field is given. 
Moreover, the oxide skin of precise adhesion is made to form in a front face according to the temperature up 
at the time of the activity of a tool, and the effectiveness which raises the abrasion resistance in an elevated 
temperature and an antiseizure property is given. Although added by the object and the application for the 
above-mentioned object, since too much Co will reduce toughness if there is, it carries out to below 0.89 mass 
%. If it adds more than 0.03 mass % like nickel. Co can prevent big and rough-ization of the carbide of the grain 
boundary, will accumulate it, and will contribute to the non-direction-ization of martensite. 
[0029] N: In order that below 0.009 mass % N may deposit AIN etc. and it may worsen a mechanical property, it 
may be 0.009% or less. 

[0030] Ti: In order that below 0.003 mass % Ti may generate TiN and it may worsen machinability and a 
mechanical property, it may be 0.003% or less. 

[0031] B: In order that below 0.012 mass % B may generate BN and it may worsen a mechanical property, it 
may be 0.003% or less. 

[0032] At the refining material by which hardness exceeds 45HRC(s) about inclusion, the cleanliness of 
nonmetallic inclusion is JIS. If more than more than dA0.005%d(B+C)0.020% or both the inclusion of dA and d 
(B+C) become high, since nonmetallic inclusion will increase, the tool edge of a blade is made missing, and the 
variation in a tool life becomes large. Control of the martensitic structure in the condition that there is such 
inclusion cannot improve variation in a tool life. However, in the condition with little inclusion, the improvement 
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effect of the variation in a tool life is acquired by controlling a component and the direction of martensite 
(bainite). 

[0033] In the martensitic stainless steel low [ C ] currently indicated by JPJ2-54068,A about the organizatioa 
lath martensite is generated and the organization which improves machinability, and corrosion resistance, 
mirror plane nature and toughness is proposed. However, an invention-in-this-application person's etc. 
research is generating the martensitic structure in which the butterfly mold, the lens mold, and the lath mold 
were intermingled in the tool steel between heat which is the amount of C % of high. And in the segregation 
section, a butterfly mold, or lens mold martensite and carbide generate mostly, thereby, a tool life becomes 
brief, dispersion in a tool life becomes large, and heat-check nature gets worse remarkably. 
[0034] Furthermore, in order to raise erosion-proof nature, the lath martensitic structure of C % of low is 
effective. Since it is necessary to reduce the amount of C in a base in order to make it the martensitic 
structure of C % of low [ this ], it is necessary to specify the content of Mo, V. and W which are a carbide 
generation element. As a result of this invention person's etc. changing various presentations, investigating 
erosion-proof nature and carrying out multivariate analysis (multiple regression analysis) of it, when it sets [V] 
and Mo content to [Mo] and W content is set [ the C content ] to [W] (all are mass %) for [C] and V content. 
20>100x — by satisfying the inequality of [C]-22x[V]-3.4x[Mo]-1 .7x [W], it found out that erosion-proof 
nature could be improved, therefore, lOOx — as for [C]-22x[V]-3.4x[Mo]-1.7x [W], it is [ less than 20 ] still 
more preferably desirable that it is 18 or less. 

[0035] furthermore, lath martensite — a subject — carrying out — the shape of a lens, and butterfly mold 
martensite — 10 — or 30%, if it is preferably made 10 thru/or the organization which made it intermingled 20%, 
a tool life is extensible from lath martensite 100%. 

[0036] Moreover, in the high tool steel between heat, in addition to the ability to control the variation in the 
life of a cutting tool for the directivity of the crystal orientation of martensite 17 thru/or by arranging to 22.3 
thru/or 28.3% preferably 33%. cleanliness can raise the tool life itself and can raise heat-check nature further. 
Furthermore, a eel is made small and there is effectiveness which cleans a machined surface remarkable in 
minute cutting 17 thru/or by arranging to 22.3 thru/or 28.3% preferably 33% about the crystal orientation of 
martensite. 

[0037] By using the subject of an organization as martensite. the resistance at the time of a cut can be 
mitigated and machinability can be raised. 

[0038] Moreover, while the variation In a tool life is improvable by arranging the same directivity of the crystal 
orientation of martensite to 1 7 thru/or 33%. and making the shape of a lens with comparatively low toughness, 
and butterfly mold martensite 10 thru/or the organization which made it intermingled 30%, heat-check nature 
is remarkably improvable. 

[0039] Furthermore, little direction of the carbide in the segregation section is good, and it is necessary to 
lessen inclusion as much as possible. 

[0040] Like there is the approach of forming into lath martensite as an approach of arranging crystal 
orientation. Lath martensite has the inclination which many things of the almost same crystal orientation adjoin 
and generate, and the grain boundary where these iath martensite coalesced makes a small angle tilt boundary 
form. 

[0041] Moreover, the measuring method of the directivity of martensite of martensite. i.e., the amount of the 
same direction, is as follows. That is. in a cross section vertical to the rolling direction of steel, a sample is 
started from the core and steel front face, corrode, a metal texture is made to appear, it gazes at a metal 
texture with a 400 times as many optical microscope as this, and ten photography is performed about each 
sample. And as are shown in drayying 3 , and striping with a die length of 7cm and a vertical line with a die 
length of 5cm are drawn by 5 regular intervals, respectively and are shown in drawing 1 in each photograph 
The die length on the segment of the martensite section in which the direction of the martensitic structure in 
a eel enters from a ruled line on each segment at less than ^5.0 degrees of right and left is measured, this is 
^(ed) at an overall length (in the case of striping, it is 7cm). and it asks for the ratio of the martensitic 
structure located in a line in the same direction. 

[0042] Or the directivity of martensitic structure may be defined as follows. First, a grid is uniformly attached 
like the squares shown in drawing 3 , and the die length of the martensite section which aligns in the same 
direction at the include angle of less than ^5 degrees is measured. What inclines within degrees to this 
measurement direction regards it as the same direction, and it is shown in dr awin g 1 — as — measurement 
die length (L) — setting — the die length of martensitic structure parallel to this measurement direction 
within **5 degrees, i.e., the sum of A1 and A2, — asking — this — measurement die-length L — **** — the 
directivity of martensite is defined by things with the ratio of {(A1+A2) /L} xlOO. In addition, in the crystal grain 
of A1 and A2, the direction of martensite is the same (less than [ ^5 degree ]) with the measurement 
direction, and the direction of martensite presupposes that it was not the same as that of the measurement 
direction in the crystal grain of B1. Therefore, generally this ratio can be expressed as {(die length of 
organization in which direction of martensitic structure has identity of less than **5 degrees to measurement 
direction) /(measurement die length)} xlOO. 

[0043] if all eels are the same directions, it is shown in drawing 2 — as — the directivity of martensite — 0% - 
- or it becomes 100%. and if it is Just over or below 25%. if it is 17 thru/or 33%, it can be said that it is isotropy 
mostly, for example. In this case, if it cuts to the crystal orientation of martensite. and parallel, machinability 
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will improve. However, if it cuts vertically, cutting force would become high, the finished surface would turn up, 
and a life will fall. Cutting needs to cut without the direction of martensltic structure, and relation. In order to 
acquire the stable life, it is important at all include angles that the directivity of martensite is equivalent. In 
order to realize this, it is so desirable that crystal grain is detailed, and. thereby, martensitic structure tends 
to serve as isotropy. 

[0044] If it heat-treats, it will become the organization of martensite or bainite. The crystal orientation at this 
time is decided considering detailed carbide and inclusion 1 micrometer or less as a nucleus. Moreover, a 
bainite texture tends to generate along the grain boundary, and is in the inclination to incline in the same 
direction. If it inclines in the same direction as shown in drawing 2 . it will become 100% like A tangent, or will 
become 0% like B tangent. In this case, when carrying out cutting in the direction of A in an one direction, 
machinability is good, but when becoming vertical like the direction of B, machinability gets worse remarkably. 
If the direction of martensite becomes vertical to the cut direction especially, a machined surface will worsen. 
For this reason, it is necessary to attain the non-direction-ization of martensitic structure. 
[0045] In order to realize the non-direction-ization of this martensitic structure, it is necessary to build many 
martensite deposit sites. For that, it is important to make homogeneity distribute detailed inclusion and 
carbide. Since conventional steel is not taking considering as the non-direction-ized organization into 
consideration, it is the factor In which a tool life surely differs. A ratio ([ (the die length of an organization in 
which the direction of martensitic structure has the identity of less than **5 degrees to the measurement 
direction) ] / [ /} (measurement die length) ] xlOO which show the directivity of martensite for direction[ non- 
]-izing of this martensitic structure are preferably made 28.3% or less 33% or less. The field which is, on the 
other hand, it easy to cut that a ratio {[ (the die length of an organization in which the direction of martensitic 
structure has the identity of less than **5 degrees to the measurement direction) ] / [ /} (measurement die 
length) ] xlOO which show the directivity of this martensite are less than 1 7%, and the field which is hard to 
cut are made, a level difference is made upwards in a finished surface, and a tool tends to receive sudden 
breakage. For this reason, a ratio {[ (the die length of an organization in which the direction of martensitic 
structure has the identity of less than **5 degrees to the measurement direction) ] / [ /} (measurement die 
length) ] xlOO which show the directivity of martensite are preferably made 22.3% or more 17% or more. 
[0046] Even if it makes crystal grain make it big and rough in the condition that there Is microsegregation. 
carbide, or inclusion so much in the case of the steel, with which the magnitude and hardness of crystal grain 
exceed 45HRC(s). there is no improvement effect of cutting-tool life extension, and the variation in a cutting- 
tool life is large. On the other hand, if inclusion makes crystal grain detailed with 75 micrometers or less (No. 
4) in a small amount of ingredient, an improvement effect with remarkable machinability will be accepted. 
These causes are in a micro level difference occurring and the edge of a blade of a tool chipping with crystal 
grain etc., when the directivity of martensite and bainite changes. Since micro level difference generating can 
be controlled as crystal grain is 75 micrometers or less, there is extended effectiveness of the improvement in 
a finished surface and a cutting-tool life. Moreover, if crystal grain is made detailed to 42 micrometers or less 
(more than No. 6) (especially 30 micrometers or less : more than No. 8), heat-check nature is improvable, the 
variation in machinability will be controlled, the life of the stable cutting tool will be acquired upwards, and the 
improvement of the machinability itself will be accepted. Furthermore, a machined surface becomes it beautiful 
that crystal grain is detailed crystal grain 30 micrometers or less (grain size number: more than No. 8). 
[0047] The elevated-temperature soaking etc. is carried out as front heat treatment by relief of a segregation 
etc. However, if an elevated-temperature soaking is carried out, in order that the crystal grain after quenching 
and tempering may make it big and rough, in the case of the steel exceeding 45HRC. machinability gets worse. 
Furthermore, elements of the segregation section, such as C, Cr, Mo, and V, are spread in the non-segregating 
section, the martensite of the lens mold which deposits at C % of high, or a butterfly mold generates on the 
whole surface, with the ingredient exceeding HRC45, the resistance at the time of a cut becomes high, and 
machinability gets worse conversely. 

[0048] Even if it makes crystal grain make it big and rough in the condition that there are microsegregation, 
carbide, and inclusion so much without carrying out front heat treatment, the variation in a tool life becomes 
large in a top with little extension of a tool life. On the other hand, if more than No. 6 is made to make crystal 
grain detailed in a small amount of [ carbide and inclusion ] ingredient (especially more than No. 9), the 
variation in a tool life can be suppressed, and the variation in this tool life will improve more remarkably than 
the ingredient which there is [ ingredient ] inclusion and made crystal grain make it big and rough, if it 
averages. Moreover, if inclusion makes crystal grain of few ingredients detailed, it will become good [ a 
machined surface ]. 

[0049] The optimal grain size number is more than No. 9. However, if crystal grain is made detailed too much, 
progress of a crack will become quick and heat-check nature will worsen. Moreover, big and rough-ization of 
crystal grain becomes the cause produced [ crack ]. 

[0050] In addition, if crystal grain is made to make It big and rough in the condition that inclusion is little. It is 
possible to suppress the variation in a cutting-tool life and a cutting-tool life. On the other hand, as shown in 
the following table 1 (Inoue: the 68th page of April. 1989 metal special issue), since big and rough-ization of 
crystal grain causes [ of a crack ] generating, it is inapplicable to the tool steel as which toughness is required. 
As the aluminum extrusion dice with which toughness Is demanded, the cutter between the colds, the press 
die between heat, an aluminum dies casting mold, the stem for extrusion, etc. are especially shown In the 



http://www4.ipdl.ncipl,go.jp/cgl-bin/tran.web_cgi_ejje 



06/07/07 



JP.2003-268486.A [DETAILED DESCRIPTION] 6/8 ^— v 

following table 2 with the tool steel between heat, it is important to make particle size detailed. 



[0051] 
[A table 1] 






2 




5-8 




3-^5 









[0052] 

[A table 2] 















8-5 




7 — 4 





[0053] If front heat treatment is carried out at an elevated temperature in the tool steel between heat of a 
high C high Cr system about heat treatment Elements of the segregation section, such as C, Cr, Mo. and V. 
are spread in the non-^segregating section, and the martensite of the lens mold which deposits at C % of high, 
and a butterfly moid generates on the whole surface. With the ingredient with which a degree of hardness 
exceeds HRC45, the resistance at the time of a cut becomes high, machinability is worsened conversely, and 
erosion nature, heat-check nature, and toughness fall. 
[0054] 

[Example] Hereafter, the effectiveness of the example of this invention is concretely explained from the range 
of this invention as compared with the example of a comparison from which it separates. The presentation of a 
test specimen, the directivity of martensite. etc. are shown In the following table 3 and a table 4. formula 
100xC(%)-22 [ in addition, ] the "formula" column indicates a martensite characteristic to be in a table 4 — it 
is the value of xV(%)-'3.4xMo(%)-1.7xW (%). Each test specimen which has the presentation shown in this table 
3 and table 4 was ingoted at lOkgVIF furnaces (vacuum induction heating furnace), the ingot was forged so 
that it might become the configuration of 40x80x250mm. and it annealed and processed at 830 degrees C. 
Moreover, for all ingot material, the cleanliness of nonmetallic inclusion is JIS. It is less than [ dAO.005% ], and 
is less than [ d(B+C)0.020% ]. and the aspect ratios of carbide are 1,3-1.0. in addition, the column of the 
inclusion of a table 4 — setting — " — it is — " — annealing material — setting — the cleanliness of 
nonmetallic inclusion — JIS the cleanliness of nonmetallic inclusion [ in / it is the case where the conditions 
of less than / dAO.005% / or a not more than / d(B+C)0.020% / are not fulfilled, and / with "it is nothing" / 
annealing material ] — JIS While being less than [ dAO.005% ], it is the case where it is less than [ d(B+C) 
0.020% ]. 
[0055] 
[A table 3] 
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S 1 


Mn 
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C r 


Mo 
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Co 


N i 


T i 
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1 N 


SKD6 1 


0«40 


1 1.00 


0.40 


0.008 


0.001 


5.04 


1.27 


0.55 


0.002 


0.04 


0.15 


0.001 


0.001 


o.oo: 




1 


0.40 


1.20 


0.32 


0.008 


O.OOL 


5.04 


1.10 


0.85 


0.002 


0.03 


0.15 


0.001 


0.001 


o.oo: 




2 


0«32 


0.35 


0.28 


0.004 


0.003 


5.90 


1.65 


0.50 


0.010 


0.03 


0.06 


0.002 


0.009 


o.oo: 


it 


3 


0.28 


0.55 


0.50 


0.020 


0.009 


5.20 


1.65 


0.50 


0.003 


0.03 


0.04 


0.001 


0.004 


o.oo: 




4 


0.28 


0.75 


0.70 


0.002 


0.004 


4.85 


1.45 


0.10 


0.80 


0.30 


0.45 


0.002 


0.003 


O.OOi 




5 


0.40 


0.15 


0.40 


1 0.008 


0.001 


5.04 


1.50 


0.85 


0.002 


0.10 


0.15 


0.001 


0.001 


o.oo: 




6 


0.55 


0.23 


0.70 


0.002 


0.004 


5.00 


2.80 


0.10 


0.200 


0.30 


0.45 


0.001 


0.003 


O.OOI 




7 


0.37 


0.20 


0.50 


0.006 


0.002 


5.10 


2.80 


0.50 


0.120 


0.09 


0.01 


0.001 


0.004 


o.oo: 




8 


0*31 


0.36 


0.50 


0.004 


0.003 


5.20 


1.65 


0.50 


0.010 


0.03 


0.06 


0.001 


0.009 


o.oo: 




9 


0.37 


0.15 


0.50 


0.009 


0.018 


5.70 


1.65 


0.50 


0.190 


0.03 


0.45 


0.001 


0.006 


0.00' 




1 0 


0.28 


0.30 


0.85 


0.008 


0.008 


2.60 


1.42 


0.20 


0.100 


0.13 


1.65 


0.002 


0.003 


0.00< 




0.35 


0.35 


0.50 


0.004 


0.003 


5.20 


1.65 


0.50 


0.022 


0.03 


0.06 


0.001 


0.009 


o.oo: 


1 


1 2 


0.46 


0.75 


0.78 


0.005 


0.003 


3.60 


1.53 


0.90 


1.65 


0.89 


0.81 


0.003 


0.005 


0.00* 




1 3 


0.30 


0.80 


0.75 1 


0.020 


0.006 


4.50 


1.40 


0.40 


0.540 


0.05 


0.05 


0.003 


0.005 


0.00' 
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1 4 


0.35 


0.65 


0.50 


0.016 


0.012 


4.80 


1.70 


0.65 


0.021 


0.05 


0.02 


0.003 


0.012 


o.oo: 


m 


1 5 


0-37 


0.45 


0.40 


0.018 


0.006 


5.10 


2.30 


0.55 


0.120 


O.OB 


0.02 


0.001 


0.004 


o.oo: 




1 6 


0.31 


0.30 


0.d5 


0.015 


0.008 


2.80 


1.40 


0.20 


0.100 


0.13 


1.65 


0.002 


0.003 


0.001 




1 7 


0.40 


0.30 


0.50 


0.020 


0.009 


5.20 


1.65 


0.50 


0.025 


0.03 


0.04 


0.001 


0.004 


o.oo; 




1 8 


0-35 


0.25 


0.40 


0.008 


0.008 


5.15 


1.43 


0.30 


0.022 


0.03 


0.03 


0.002 


0.010 


o.oo: 




i 9 


0.55 


0.30 


0.85 


0.015 


0.008 


2.50 


2.80 


0.20 


0.100 


0.13 


1.65 


0.002 


0.003 


0.00! 



[0056] 
[A table 4] 





















( HRC) 














SKD6 1 


47.0 




33.0 


10 


6 


50 


23.6 




1 


48.0 




22.0 


23 


6 


25 


17.0 




2 


47 .5 


j-_ > 


18.0 


10 


8 


23 


15.4 


Jt 


3 


46.9 




27.0 


14 


7 


32 


20.4 




4 


47.5 




18.3 


29 


6 


45 


18.8 


m 


5 


48.0 




32.0 


10 


4 


78 


17.0 




6 


48 .5 




12.0 


2 


4 


80 


39.1 




7 


46.5 




40.3 


35 


5 


58 


16.3 




8 


47.5 




60.4 


2 


4 


70 


14.4 




9 


47.0 




17.2 


2 


3 


172 


20.1 




1 0 


46.5 


fzv 


23.1 


2 


4 


75 


18.6 




1 1 


48.0 




24.6 


10 


4 


70 


18.4 




1 2 


47.0 




23.6 


14 


6 


48 


19-0 




1 3 


47.0 




28.3 


20 


8 


30 


11.8 


m 


1 4 


48.0 


^ctL 


24.0 


10 


a 


18 


9.7 




1 5 


47.0 


AL. 


22.3 


13 


8 


30 


18.0 




1 6 


48.0 


t^L 


21.5 


10 


8 


35 


45.8 




1 7 


47.0 


^CL 


23.2 


14 


6 


42 


20.3 




1 8 


46.5 




28.0 


29 


4 


68 


23.5 




1 9 


48.0 


fj.L 33.0 


2 


4 


67 


45.6 



[0057] Assessment of a raw material adjusted hardness to 46HRC(sX temper processing was carried out twice 
[ 500-670 degree-Cx 2 hour x ] after 980-1050 degree-Cx 30-minute quenching, and it carried out indexation, 
having used the engine performance of the raw material of SKD61 as 50, and compared a cutting-tool life, 
machined surface granularity, heat-check nature, and erosion nature with this characteristic. Moreover, the 
variation in a tool life evaluated the rate of the variation in a cutting-tool life by the percentage. 
[0058] The life of a tool was carried out until assessment of machinability is a part for rotational-speed 
520rpm and 40mm/of delivery, and 15mm of slitting shaft orientations in the TiN coating end mill of a high 
speed steel with a diameter of 10mm. is 0.5mm of radial, carried out side-face processing in dry type, judged 
the consumption condition of a tool in 2m, and broke or it fused. Moreover, the value of Rz of surface 
roughness estimated machined surface granularity. 

[0059] Crystal grain was based on the grain size test approach by JISG0551, and the diagnosis by the 
crossover segment by convention of the attached document 4 of this watch. 

[0060] The heat-check trial heated the test specimen with a diameter [ of 30mm ]. and a die length of 50mm 

in high-frequency induction heating, when skin temperature amounted to 650 degrees C. it poured water, it 

repeated the processing cooled to 50 degrees C 100 times, and measured the die length of a crack. 

[0061] Within the container which heated ADC12 generally used by dies casting at 650 degrees C, assessment 

of erosion nature agitated the raw material with a diameter [ of 5mm ], and a die length of 30mm by 500rpm. 

held it for 20 minutes, and measured the amount of consumption of a raw material. 

[0062] These test results are shown in the following table 5. 

[0063] 

[A table 5] 
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SKD6 1 
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50 


70 


49 


51 


60 
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60 


68 


52 


49 


62 


it 
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65 


66 


61 


20 


54 




4 


40 


79 


61 


18 


60 




5 


30 


73 


32 


21 


58 




6 


55 


57 


62 


31 


59 




7 


65 


54 


63 


42 


45 




8 


55 


54 


66 


43 


50 
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80 


31 


78 


72 


91 




I 0 


ICQ 


23 


81 


72 


108 




L 1 


120 


21 


82 


71 


112 




I 2 


120 


15 


94 


92 


119 




1 3 


192 


9 


112 


112 


122 




1 4 


200 


5 


120 


120 


180 


m 


1 5 


186 


8 


110 


116 


178 




1 6 


165 


12 


102 


102 


95 




1 7 


150 


14 


100 


90 


99 




1 8 


130 


22 


79 


71 


89 




1 9 


100 


30 


84 


70 


87 



[0064] There is no effectiveness that they will control the variation in the life of the effectiveness of raising 
the average life time of a cutting tool, and a cutting tool, like SKD61 of a table 5 and the example 1 of a 
comparison if components, such as a component of SKD61 in JIS as shown in a table 3 and a table 4, and Si, 
Mo. and the amount of inclusion separate from claim 1. However, if these satisfy claim 1, like an example 9 
thru/or 19, according to the improvement effectiveness and its variation depressor effect of a cutting-tool life, 
the variation in a tool life will become 1/2 or less, and a tool life will become 1.6 or more times. 
[0065] Furthermore, like satisfying [ 11-18 ] claim 2, i.e.. examples, if the shape of a lens and butterfly mold 
martensite are made intermingled 10 to 30%. rather than examples 9 and 19. the variation in a tool life and an 
average tool life are further improvable 20% or more, compared with the present ingredient, the variation in a 
tool life can be raised or less to 1/2.8. and average life can be raised to 2.0 or more times. 
[0066] Furthermore, claim 3 can be satisfied, and by restricting crystal grain to 73 micrometers or less, as 
shown in examples 11-18. machinability can be improved further again. Moreover, if 42 micrometers or less, 
the variation in machinability can be raised by 3.6 or more times like examples 13-17. Moreover, heat-check- 
proof nature improves by 1.8 or more times. Furthermore, if 30 micrometers or less, the finished surface after 
a cut will improve more than twice like examples 13-15 further. 

[0067] moreover, 20>100x — erosion-proof nature improves 1.7 times like examples 10-15 by satisfying the 
inequality of [C]-22x[V]-3.4x[Mo]-1.7x [W]. Furthermore, if the value of said formula is made or less into 18, 
erosion-proof nature will improve more than twice. 
[0068] 

[Effect of the Invention] according to [ as explained in full detail above ] this invention — the cleanliness of 
nonmetallic inclusion — JIS considering as 0.020% or less by d (B+C) less than [ dAO.005% ] — moreover, 

while a tool life is extensible by limiting the directivity of martensite to 1 7 thru/or 33% of range, the variation in 
a cutting-tool life can be controlled and erosion-proof nature and heat-check nature can be raised. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

l6r.^yvLnjg..1I It is drawing showing the count approach of the directivity of the martensite in this invention. 
[Drawing 2] It is drawing which similarly explains the directivity of martensite. 

[Drawing 3] It is a metaioscope photograph explaining the measuring method of the amount of the martensite 
of the same direction in this invention. 



[Translation done,] 
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